Xanthone compounds are of great interest due to their wide range of biological applications. Xanthone compounds can be obtained by structural modification of the substituent on the xanthone rings through various reactions. In this study, the chloro-substituted hydroxyxanthones (4a-c) were prepared by cyclodehydration of acid derivatives and substituted phenol in the presence of Eaton reagent to afford 3a-c, followed by halogenation step to electrophilic substitution of chlorine in a moderate yield. The in vitro anticancer activity study on various cell lines showed that there was an enhanced activity of compounds 4a-c in comparison to 3a-c. It has been shown that compounds 4a-c have the best anticancer activity only toward P388 murine leukaemia cells with IC 50 of 3.27, 1.809 and 0.18 µg/mL, respectively. The results revealed that the chloro functional group increases the anticancer activity of the hydroxyxanthone derivatives. As for the selectivity index, the number was increased from a range of 0.88-843 (3a-c) to 3. 33-9199.67 (4a-c). This result indicates that the hydroxyxanthone derivatives (4a-c) have potential to be developed into chemotherapy agents due to their higher sensitivity and selectivity. Molecular docking studies showed that there was a binding interaction between 4c and the amino acid residues such as Asp810, Cys809, Ile789, His790, and Leu644 of protein tyrosine kinase receptor (PDB ID: 1T46).
Introduction
Xanthone compounds possess significant biological properties, including analgesic [1] , antioxidant [2], antibacterial [3] , anti-tuberculosis [4], antifungal [5] , anti-inflammatory [6] , and also anticancer [7] [8] . A wide range of biological activities of xanthone compounds can be obtained by structural modification of the substituent on the xanthone rings through various reactions. Previous studies reported by Su, Q.G., et al. showed that the position of the OH groups, as well as the number of OH groups attached to the xanthone scaffold can determine the anticancer activity (IC 50 value) [9] . Comparison of the anticancer activity of 1,6-dihydroxyxanthone and 1,3-dihydroxyxanthone showed different IC 50 values of 40.45 and 71.36 μM, respectively. Likewise, the increased number of OH group attached to the xanthone compounds, such as 1-hydroxyxanthone and 1,3,6,8tetrahydroxyxanthone, showed a significant difference in IC 50 values of 85.32 and 9.18 mM [9] . Another research study reported that there was attested an increasing cytotoxic activity of a series of chloro and bromo flavanols against HeLa and V79 cell lines [10] and also on halogenated flavone-4-oximes derivatives against MCF-7 and Hep-G2 [11] . Halohydrin (bromo and chloro) xanthones were also reported to be the most effective inhibitors of Topo II [12] . The previous QSAR analysis studies showed that the addition of halogen groups such as chloro and bromo could increase the anticancer activity of the xanthones substituted chloro and bromo compounds in the range of 0.001-0.484 μM against HepG2 cell line [13] .
Chlorination of aromatic compounds can be carried out through various reagents and conditions such as Cl 2 for nitrophenol [14] , H 2 O 2 −HCl for arenes, alkenes, and alkyne [15] , hydrocarbon and naphtol [16] , methyl phenol [17] , SnCl 4 /Pb(OAc) 4 [18] , InCl 3 /NaClO [19] , For high selectivity and safety regulation purposes, Nchlorosuccinimide (NCS) is commonly used as chlorination reagent [20] [21] [22] [23] [24] [25] [26] , which more recently was used along with NaCl/pTsOH in a water system [27] . According to the literature study, chloro-substituted hydroxyxanthone compounds have not been reported yet. Therefore, this study aimed to synthesize and develop novel chlorohydroxyxanthone compounds and to investigate the in vitro anticancer activity towards various cell lines. A molecular docking study has also been reported to validate the mechanism of drug interaction with the binding site of an active compound. Molecular docking has become a focus of attention in recent years for its successful application in finding candidates for new drugs from some complex compounds, such as prenylated xanthone [28] ; 1,2-dihydroxy-6methoxyxanthone-8-O-β-D-xylopyranosyl [29] ; hydroxyxanthone for malaria activity [30] . Thus, additionally this study presents molecular docking of hydroxyxanthone derivatives into inhibitor C-kit protein tyrosine kinase (PTK) (PDB ID: 1T46) using Discovery Studio 3.1® software package (Accelrys, Inc., San Diego, USA). Inhibitors that block the activity of PTK and its activated unregulated signalling pathways can provide a useful basis for designing new drug candidates because drugs as PTK inhibitors such as imatinib have severe toxic effects including cardiac toxicity. Thus, the development of newer drug molecules with lower toxicity and better oral bioavailability requires special novel compounds based on xanthone derivatives.
Experimental

Chemistry
All reagents were purchased from Sigma-Aldrich, Acros, and Merck with high grade of purity and used without any further purification. All solvents used in the synthesis were of analysis and synthesis grade. The solvents used in spectroscopic measurements were of spectroscopic grade.
The melting point of the synthesized compounds was determined by Electrothermal 9100 with a temperature gradient of 10 °C/min. Infrared spectra were obtained on a Shimadzu FTIR-8201 PC spectrometer.
The 1 H and 13 C NMR spectra were recorded on a JEOL 500 MHz Spectrometer with tetramethylsilane as an internal standard.
Mass spectroscopy spectra were recorded on Shimadzu-QP 2010S.
General procedure for synthesis of hydroxyxanthone compound (3a-c)
As show in Scheme 1, the synthesis of hydroxyxanthones 3a-c were carried out by reacting the compound 1 (10.2 mmol) with phenol derivatives 2 (10 mmol) and Eaton's reagent (5 mL) in one pot reaction, according to the method described by Yuanita et al. [31] . The mixture was heated under reflux at 80±3ºC for 3 h. After the completion of the reaction, the mixture was cooled to room temperature, poured into cold water, and stirred for 1 h. The precipitate formed was filtered and washed with water and 5% NaHCO 3 , then dried over desiccator to afford the desired product. 
General procedure for synthesis of chlorosubstituted hydroxyxanthone (4a-c)
The preparation of compounds 4a-c (Scheme 1) was conducted according to the method of Mahaja, T. et al. [27] , with the difference that the water solvent was replaced with ethanol. Ethanol (8 mL) was added to a finely crushed powder of xanthone (3a-c) (0.01 mol) in a 100 mL round-bottom flask with a magnetic stirring bar at room temperature. To the mixture, NaCl (0.015 mol), p-toluenesulphonic acid (p-TsOH) (0.01 mol), and N-chlorosuccinimide (NCS) (0.01 mol) were added while stirring at 40ºC. The reaction was monitored by thin layer chromatography. After the completion of the reaction, 5 mL of water was added to separate the precipitated mass, and the precipitate was filtered and dried in an oven to afford the compounds 4a-c as powder products. 
4-chloro-1,3-dihydroxy-9H-xanthen-9-one
In vitro anticancer activity assay
The in vitro anticancer activity of xanthone was carried out by MMT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium) assay. The HepG2, HeLa, Vero and T47D cell lines used during the present study were obtained from Toxicology Laboratory, Faculty of Medicine, Gadjah Mada University, Yogyakarta, Indonesia. The murine leukaemia P388 cell line [ex. HSRRB Lot Number: 113098 seed (JCRB0017)] was received from Natural Organic Chemical Laboratory of Nature Material, Chemical Department of the Bandung Institute of Technology, Indonesia.
Molecular docking
The inhibition of protein tyrosine kinase (PTK) has been shown to be one of the strategies in treating cancer as well as other proliferative diseases, as protein kinases are involved in the cell survival and proliferation stage. In this work, the protein crystal docking study of the active compound 4c was performed to investigate its ability to inhibit PTK, while compared to the STI571 ligand (imatinib) as native ligand of C-kit receptor protein tyrosine kinase (PDB ID: 1T46). Docking simulations were performed in previous work [30] under the receptor-ligand interaction section in Discovery Studio 3.1 (Accelrys, Inc., San Diego, CA, USA). Other molecular modeling software used throughout this study were CHIMERA 1.9 and ChemOffice®2015.
Results and discussion
Synthesis and characterization
The prepared chloro-substituted hydroxyxanthones derivatives (4a-c) were afforded through a two-step reaction i.e. cyclodehydration of acid derivatives and substituted phenol in the presence of Eaton reagent to afforded 3a-c, followed by halogenation step, electrophilic substitution of chlorine as show in Scheme 1.
The synthesis of compounds 3a-c was carried out using a cyclodehydration reaction, as the name suggests, the cyclization of xanthone occurs followed by the dehydration reaction. The presence of phosphorus pentoxide in the Eaton reagent will absorb the water molecules obtained in the reaction, while the function of p-toluenesulphonic acid activates the acyl group from the acidic compound to form the carbocation which facilitates the addition of phenol compounds to form cyclic ether in the hydroxyxanthone compound.
Meanwhile, synthesis of compounds 4a-c was carried out using the chlorination reaction. Chlorination was performed using Cl 2 obtained from the reaction of NCS (N-chlorosuccinimide) with acids and Cl -. The acid used was derived from the p-TsOH, which is a strong organic acid capable of reacting directly with the NCS compounds without causing their oxidation. By reaction mechanism p-TsOH acts as an acid by activating the carbonyl oxygen group from NCS and releasing Clion, subsequently reacting with Clderived from the perfect ionized sodium chloride salt in solution, the Cl 2 formation mechanism is shown in Scheme 2. 1 H NMR data allowed observing the differences in the peaks of hydroxyxanthone compounds before and after chlorination. For compound 3a were identified 5 proton peaks in chemical shits 6.2; 6.36; 7.49; 7.40 and 7.74 ppm while compound 4a had three peaks that were identified in chemical shifts 6.65; 7.67 and 8.25. This difference showed that there has been a substitution of protons by chloro groups on aromatic rings. Additionally, there is a difference in the value of the chemical shift from shielding into deshielding in compounds 3a and 4a indicating the effect of chloro substitution on xanthone aromatic rings both on ortho and para positions. This has also been done to another compounds 3b-c into 4b-c, as listed in the experimental section.
Anticancer activity
The results of the study presented in this work showed that compounds 4a-c and 3b-c have moderate to very good anticancer activities for Murine leukaemia P388 cell line with the range of IC 50 5.75-0.18 μg/mL. Furthermore, the inhibition concentration of 4c was much lower than for arconine E that is a standard compound (as seen in Table 1 ). Meanwhile, there were no significant cytotoxic activities of 4a-c and 3b-c attested towards other human cancer cell lines such as T47D, HeLa, and HepG2. Biological activities of xanthone derivatives are affected by the presence of substituents on their rings. The substituent could both improve and reduce the biological activities. Based on data in Table 1 , it can be seen that the best anticancer activities of 4a-c were found toward P388 Murine leukaemia cells. The activities could be categorized as very active with IC 50 of the compounds 4a-c being 3.27; 1.809 and 0.18 µg/mL respectively. Meanwhile, the anticancer activity of 3a-c was found to be lower than 4a-c, with IC 50 15.53, 5.75 and 2.37 µg/mL, respectively. Furthermore, there was a much lower activity of 4a-c and also 3a-c to the other cancer cells, i.e. HepG2, HeLa, than T47D (IC 50 > 45 µg/mL). According to the criteria set by the National Cancer Institute, U.S.A., the values of IC 50 less than 30 µg/mL are considered cytotoxic. This result proves that the presence of chloro groups enhances the anticancer activity of hydroxyxhantone compounds as seen in case of compounds 4a-c.
Scheme 2. Proposed reaction of chlorine formation from NCS.
There is always a possibility for a compound with a high cytotoxic effect against cancer cell to have cytotoxic effect on normal cells at the same time and vice versa. The calculated selectivity index of 3a-c and 4a-c are presented in Table 2 . These results showed the average selectivity index (SI) value of compound 4a-c was above 3 ranging from 3.33 to 9199.67. Therefore, the investigation of the cytotoxic effects for both normal and cancer cells was necessary in order to determine the selectivity of the compound expressed as SI. An in vitro selectivity assay was conducted by comparing the IC 50 value of each compound to cancer cells with those of normal cells. A compound can be categorized as having high selectivity toward cancer cells if its SI value is higher than 3 [32]. In this study, the selectivity analysis was performed by comparing IC 50 values obtained for each compound to normal cells (Vero cell line) and to the tested human cancer cell line. The obtained results indicated that the prepared chlorosubstituted hydroxyxanthone 4a-c have a potential to be developed as anticancer compounds, based on their lower toxicity and higher sensitivity, therefore chloro-substituted hydroxyxanthone could be recommended as active compounds for anticancer chemotherapy.
Molecular docking
Molecular docking of compound 4c showed that there is an interaction against protein tyrosine kinase target that indicated that compound has a good anticancer activity. The molecular docking process generated cDOCKER interaction energy of -31.06 kcal/mol and the distance of hydrogen bonds between atoms of the compounds and amino acids was ranging from 2.06-5.18 Å. These results showed that the energy produced by each co-crystallized ST1571 ligand (-79.38 kcal/mol) was much lower than the energy of compound 4c while the distance of hydrogen bonds of the ligands was also shorter, ranging from 2.41-4.79 Å. Nevertheless, based on an in vitro anticancer activity assay, 4c could be categorized as an excellent anticancer toward P388 murine leukaemia cell line. This result may be caused by the binding interaction between 4c and the amino acid residues, which showed similar binding interaction from each co-crystallized ligand (Figure 1) .
Molecular docking studies revealed the binding interaction of 4c with amino acid residues such as Asp810, Cys809, Ile789, His790, and Leu644 of protein tyrosine kinase receptor (PDB ID: 1T46). Meanwhile, co-crystallized STI571 ligands showed binding interaction with Asp810, Cys809, Ile789, His790, and Leu644 (Table 3) . This result means the binding pocket formed by compound 4c was similar to the cocrystallized STI571 ligands. Therefore, it can be concluded that the anticancer activity from the experimental result could be proved through in silico molecular docking studies, especially toward P388 murine leukaemia cell line. The lower energy produced by the proteinligand interaction indicates that the ligand-protein bond is more stable. According to Table 3 , it can be seen that compound 4c has a similar interaction with the interaction of STI-571 c-kit protein kinase (PDB ID: 1T46) and amino acid residues. The similarity was observed from the existence of the binding interaction between the compound and amino acid residues such as Asp810, Cys809, Ile789, His790, and Leu644 of PDB ID: 1T46 protein. The planar xanthone ring compound 4c was involved in an electrostatic surface interaction. The interaction was also similar with the interaction between amino acid residues and other compounds tested against cancer cells. Shrestha, A.R. et al. have performed docking simulation of deazaflavin compound and found the binding interaction with amino acid residues of Leu595, Tyr 672, Leu799, Glu640, Asp810, and Phe811 [33] . Meanwhile, it has also been reported that 2-deoxo-2-methylamino-5deazaflavin possesses binding interaction with Asp810 and Glu640 amino acid [33] . Quinoxaline has been found to interact with Cys673, Thr670 and Ile789 amino acid [34] . Furthermore, the hybrid compound of deazaflavin-cholestane showed interaction with Asp680, Lys593, Leu595, Asp677, Val603, Gly676, Leu799, Tyr672, Ala621, and Phe811 [33] , which was performed on various cancer cells i.e. HepG2, MCF7, A549, HCT116, CCRF-HSB-2 and KB tumour cells. These results indicate that compound 4c possess anticancer activities with active site or chemotherapy mechanism by inhibiting protein tyrosine kinase.
In the molecular docking study, the ligand stability is also acquired from the low cDOCKER energy and the short length of the bonds formed. Based on Table 3 , the cDOCKER energy of compound 4c was -31.06 kcal/mol and the bond length was 2.06-5.18 Å. On the other hand, the cDOCKER energy of ligand STI571 was -79.38 kcal/mol with hydrogen bond distance of 2.41-2.81 Å. The low interaction energy and the short bond length indicate the formation of the ligand-protein bond, showing that the native ligand is better than compound 4c. The energy produced by compound 4c was also compared with the interaction energy of 2-amino-4-phenyl-5-methyltiazole complex with some metals, including Ni, Zn, Cu, and Co (<20 kcal/mol) [35] and also with deazaflavin derivative which was less than 18 kcal/mol [34] . This result means that the interaction of compound 4c was more stable and it has potential as an anticancer agent when compared to the other compounds interaction with the same protein and ligand, which cause the hydroxy moieties of hydroxyxanthone to give surface interaction through hydrogen bond formation. Thus, theoretically, the effectiveness of compound 4c as an anticancer drug is better than the previously reported compound.
Conclusions
Chloro-substituted hydroxyxanthones 4a-c were prepared by cyclodehydration of acid derivatives and substituted phenol in the presence of Eaton reagent to afforded 3a-c, followed by halogenations step to electrophilic substitution of chlorine in a moderate yield using N-chlorosuccinimide with NaCl/pTsOH in ethanol system, where the compounds formed were characterized based on spectroscopy data (IR, NMR and MS). The in vitro study of compounds 4a-c showed an excellent inhibition and a higher selectivity index against P388 murine leukaemia cells compared with T47D, HeLa, and HepG2 cell line. The in silico analysis of anticancer activity showed that there was a binding interaction between 4c compound and STI571 with the protein tyrosine kinase (PDB ID: 1T46). This result indicated that the compound has an active chemotherapy site as an inhibitor of protein tyrosin kinase, which controls the phosphorylation and regulates various cellular functions. Anti-inflammatory activity of mangostins from
